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Figure 20.2 False-color image of free Ca?* concen-
tration in a Purkinje neuron from embryonic mouse
cerebellum. Neurons were grown in dispersed tis-
sue culture for 12 days, loaded with the pentapotas-
sium salt of fura-2 (F-1200) using a microelectrode
and then challenged with trans-ACPD, an agonist of
metabotropic glutamate receptors, in the absence of
extracellular Ca>*. The composite image, which rep-
resents the ratio of images obtained with excitation
at 340 nm and 380 nm, reveals the mobilization of
internal Ca?* stores without contribution from Ca®*
influx. Image contributed by D.J. Linden, Depart-
ment of Neuroscience, Johns Hopkins University,
and M. Smeyne and J.A. Connor, Roche Institute of
Molecular Biology.
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Figure 20.3 Fluorescence excitation spectra of
fura-2 (F-1200, F-6799) in solutions containing
0-39.8 uM free Ca®.

Our fura-4F, fura-5F, fura-6F and fura-FF
Ca’* indicators have spectral responses
to Ca®* that are virtually identical to
those of fura-2, but with dissociation
constants that permit measurement of
higher levels of free Ca** in cells.
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20.2 Fluorescent Ca** Indicators
Excited with UV Light

Fura-2, Indo-1 and Derivatives

Fura-2 and Indo-1

Fura-2 and indo-1 are UV light-excitable, ratiometrié*Gadicators' that are gen-
erally considered to be interchangeable in most experiments. Fura-2 has become the dye
of choice for ratio-imaging microscopy (Figure 20.2), in which it is more practical to
change excitation wavelengths than emission wavelefAgthen binding C#, fura-2
exhibits an absorption shift that can be observed by scanning the excitation spectrum
between 300 and 400 nm, while monitoring the emission at ~510 nm (Figure 20.3). In
contrast, indo-1 is the preferred dye for flow cytometry, where it is more practical to use
a single laser for excitation — usually the 351-364 nm spectral lines of the argon-ion
laser — and monitor two emissiofsThe emission maximum of indo-1 shifts from
~475 nm in C#&-free medium to ~400 nm when the dye is saturated with(Emure
20.4). Modern two-photon excitation imaging techniques used with fura-2 and ¥nftlo-1
avoid the deleterious effects of conventional ultraviolet illumination on living specimens.
Indo-1 may be less subject to compartmentalization than feiek2reas fura-2 is more
resistant to photobleaching than indé1: Both fura-2 and indo-1 exhibitJ¢alues that
are close to typical basal €devels in mammalian cells (~100 nM), and display high
selectivity for C&* binding relative to M§".1? Nevertheless, Gabinding is discernibly
perturbed by physiological levels of Ftgthe K, for C&* of fura-2 is ~135 nM in Mg-
free C&* buffers and ~224 nM in the presence of 1 mMM§*3Fura-2 and indo-1 also
exhibit high affinities for other divalent cations such a%"amd Mr¢*, a property that is
discussed further in Section 20.7.

The sodium and potassium salts of fura-2 (F-6799, F-1200; Figure 20.5) and potassi-
um salt of indo-1 (I-1202, Figure 20.6) are cell-impermeant probes that can be delivered
into cells by microinjection or using our Influx pinocytic cell-loading reagent (I-14402,
Section 20.8). Free acids of fura-2 and indo-1 can also be loaded into some plant cells at
pH 4-54-18|n addition, these salts are useful as standards for calibratthgn€asure-
ments. Unlike the salt forms, the acetoxymethyl (AM) esters of fura-2 (Figure 20.7) and
indo-1 can passively diffuse across cell membranes, enabling researchers to avoid the use
of invasive loading techniques. Once inside the cell, these esters are cleaved by intracell-
ular esterases to yield cell-impermeant fluorescent indicators (see Loading and Calibra-
tion of Intracellular lon Indicators in Section 20.1). Molecular Probes offers fura-2 AM
and indo-1 AM in 1 mg vials (F-1201, 1-1203) or specially packaged in 20 vials\af 50
each (F-1221, 1-1223); the special packaging is recommended when small quantities of
the dyes are to be used over a long peofdime. Wealso provide stock solutions of fura-

2 AM and indo-1 AM in anhydrous DMSO Atmg/mL(~1 mM; F-1225, 1-1226). Our
standard analytical specifications for fura-2 AM requi®&% purity by HPLC. We also
offer a special packaged FluoroPure grade of fura-2 AM that is specified te9&8e
purity by HPLC (as a set of 20 vials, each containingd(--14185). Dextran conju-
gates of fura and indo, as well as lipid analogs of fura for measuring near-membrane
Ca&*, are described in Section 20.4.

Fura-2 Calcium Imaging Calibration Kit

The Fura-2 Calcium Imaging Calibration Kit (F-6774), which is designed to facilitate
rapid calibration and standardization of digital imaging microsctg@spntains the
same 11 prediluted buffers as our CalciQalibration Buffer Kit#2 (C-3009, Section
20.8). However, in this kit the buffers also includeud®fura-2, as well as 1pm un-
stained polystyrene microspheres to act both as spacers that ensure uniform separation
between the slide and the coverslip and as focusing aids. We also provide a twelfth buffer
— identical to the 10 mM CaEGTA standard but lacking fura-2 — that serves as a con-
trol for background fluorescence. All of our Calcium Calibration Kits are described
further in Section 20.8.

A product information sheet and extensive bibliographies are available for fura-2 and
indo-1. Our bibliographic database currently contains over 4000 publications that cite the
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use of fura-2 AM for measuring intracellular freeCand over
1000 publications for indo-1 AM. For more information, contact
our Technical Assistance Department.

Bis-Fura-2: Brighter Signal with Lower Affinity for Ca**

By linking two fura fluorophores with one BAPTA chelator
(Figure 20.8), we have produced bis-fura-2, & @alicator that
exhibits approximately twice the absorptivity of fura-2. Bis-fura-
2 has a K for C&* of ~370 nM and ~525 nM in the absence and
presence of 1 mM My, respectively?! In other aspects, the
guantum yield of bis-fura-2 and its spectral response to Ca
(Figure 20.9) are virtuallidentical to those of fura-2. Although

the difference between the, Kf fura-2 and bis-fura-2 for Cais
small, the change in excitation ratio for bis-fura-2 in response to
Ca&* concentrations >500 nM is larger than that of fura-2 (Figure
20.3); this difference can improve the dynamic range fét Ca
measurements in cefiOther potential advantages of bis-fura-2
include:

Higher fluorescence output per indicator, which may allow the
use of lower dye concentratioiis

Lower affinity for C&*, which should decrease the buffering of
intracellular C&" and produce a faster response t& Gpikes™

An additional negative charge, which may facilitate dye retention
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Figure 20.9 Fluorescence excitation spectra of bis-fura-2 (B-6810) in solu-
Figure 20.8 B-6810 bis-fura-2, hexapotassium salt. tions containing 0-39.8 uM free Ca®.
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Figure 20.10 Q-23918 quin-2, free acid.
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Figure 20.11 Fluorescence excitation ratio versus
Ca® concentration curves for fura-2 (red), fura-5F
(orange), fura-4F (green) and fura-6F (blue).
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Figure 20.12 Ca**-dependent fluorescence excita-
tion spectra of fura-4F (F-14174).
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Figure 20.13 (B-6790) BTC, tetrapotassium salt.
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The hexapotassium salt of bis-furé*2%(B-6810) is available for loading by micro-
injection?” by diffusion from a patch-pipett&or using our Influx pinocytic cell-loading
reagent (I-14402, Section 20.8); we do not currently offer a membrane-permeant AM ester
of bis-fura-2.

Quin-2 and Quin-2 AM

Quin-2 belongs to the first generation ofGadicators developed by TsighFigure
20.10). Quin-2 has lower absorptivity and quantum yield values than the fura-2, indo-1,
fluo-3, fluo-4 and Calcium Green indicators and thus requires higher loading concentrations.
The resulting high intracellular concentration of the indicator may buffer intracellifar Ca
transients® Quin-2 AM has been used to intentionally deplete cytosolic frée*&8and to
ensure unidirectional €ainflux.2® Measurement of cytosolic free €avith quin-2 has
been thoroughly reviewed by Tsien and PoZZ&molecular Probes offers quin-2 as a high-
purity, cell-impermeant free acid (Q-23918) and as its cell-permeant AM ester (Q-1289).

Indicators with Intermediate Calcium-Binding Affinity

Fura-4F, Fura-5F and Fura-6F

Calcium concentrations abovel produce almost complete binding saturation
of fura-2 but very low fractional saturation of the low-affinity fura analog mag-fura-2
(M-1290, see below). To bridge this gap in thé*@aeasurement range of fura-type indica-
tors, we offer three additional ratiometric’Cmdicators — fura-4F (F-14174), fura-5F
(F-14176) and fura-6F (F-14178) — and their corresponding membrane-permeant AM ester
derivatives® (F-14175, F-14177, F-14179). Attachment of a single electron-withdrawing
fluorine substituent at different positions on the BAPTA chelator moiety of fura-2 results in
an increase of thef&alue®to ~770 nM, ~400 nM and 58\ for fura-4F, fura-5F and
fura-6F, respectively (Figure 20.5). Except for the change in thec@acentration response
range (Figure 20.11), the €alependent spectral shifts produced by fura-4F (Figure 20.12),
fura-5F and fura-6F are essentially identical to those of fura-2 (Figure 20.3) and the probes
use the same optical filter sets (Table 24.8).

Fura-FF

Fura-FF is a difluorinated derivative of fura-2 (Figure 20.5) with aatue®® of
~5.5uM.®-0Fura-FF has high selectivity for €aa wide dynamic range and low pH
sensitivity, making it an optimal low-affinity €aindicator for most imaging applicatiofs.
Although its spectroscopic characteristics are very similar to those of mag-fura-2, fura-FF
has negligible Mg sensitivity, making Ca detection less susceptible to interferetice.
These properties have made fura-FF particularly useful for spatial and functional character-
ization of intracellular CH stores**3and for tracking Ca oscillations driven by the ino-
sitol 1,4,5-triphosphate recepfdf>The low-affinity indicator fura-FF could detect NMDA-
and kainate-induced neuronal’Ciuxes that were not detectable with the higher-affinity
indicator fura-28 Fura-FF has also been used in combination with fura-2 and mag-fura-5 to
compare the actions ofSand C&" as mediators of synaptic transmissibRura-FF is
available in water-soluble potassium salt form (F-14180) and as a membrane-permeant AM
ester derivative (F-14181).

Indo-5F

Indo-5F is an analog of indo-1 designed for measurifg@acentrations aboveudM.
Like indo-138 indo-5F exhibits Cd-dependent dual-emission, making it suitable for ratio-
metric detection by flow cytometry. Molecular Probes prepares indo-5F as a high-purity
cell-impermeant potassium salt (I-23912) and as its cell-permeant AM ester (I-23913).

Low-Affinity Calcium Indicators

BTC
The coumarin benzothiazole-based'Gadicator BTC (B-6790, Figure 20.13) and
its cell-permeant derivative BTC AM (B-6791) were developed by Molecular Probes in
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collaboration with Haralambos Katerinopoulos of the University of Cféfdhis Ca*
indicator exhibits a shift in excitation maximum from about 480 nm to 400 nm upon
binding C&* (Figure 20.14), permitting ratiometric measurements that are essentially

independent of uneven dye loading, cell thickness, photobleaching and dye leakage. |

high selectivity and moderate affinity for €K, ~7 uM) allows accurate quantitation of
high intracellular C# levels that are underestimated by fura-2 measurertfisur-

thermore, because BTC is excited at longer wavelengths than the ratioable fura-2 and & g
indo-1 indicators, cellular photodamage and autofluorescence may be less of a proble@

When loaded into neurons as its AM ester, BTC exhibits little compartmentalization.

However, prolonged excitation appears to cause conversion of the indicator to a calciufn-

insensitive fornt®

BTC has been employed in investigations of*@ependent exocytosis in pancreatic
B-cells>* CHO fibroblast$? and phaeochromocytoma céft$* Neuronal C# transients
detected by the low-affinity Caindicators BTC and mag-fura-2 are significantly more
rapid than those reported by the higher-affinity indicators fura-2 and Calcium Gié#n-2.
BTC may also be useful as an indicator fot*Z1A report by Papazoglou and co-work-
ers describes the unusual use of the tetrapotassium salt of BTC to localize atheroscle
plaque®

Mag-Fura-2, Mag-Fura-5 and Mag-Indo-1

Mag-fura-2 (also called furaptra, Figure 20.62), mag-fura-5 and mag-indo-1 were
originally designed to report intracellular Ktdevels (Section 20.6); however, these
indicators actually have much higher affinity for’Cénan for M@*. Although C&*

binding by these indicators may complicate analysis when they are employed to measg

intracellular Mg@*,>"%8their increased effective range and improved linearity fét Ca
measurements has been exploited for measuring intracellffae@eals between LM
and 10QuM,37:59-61

The spectral shifts of mag-fura-2, mag-fura-5 and mag-indo-1 are very similar to
those of fura-2 and indo-1 but occur at highe¥*@ancentrations. Because the off-rates

for C&* binding of these indicators are faster than those of fura-2 and indo-1, these dy

have been used to monitor action potentials in skeletal muscle and nerve terminals wi
little or no kinetic dela§?-%%(Figure 20.15). The spectral properties, kinetics and selec-
tivity of several of our low-affinity C# indicators have been reviewed by ZKk&blyrc®’
and their co-workers.

The moderate Caaffinity of mag-fura-2 and the tendency of its acetoxymethyl (AM)
ester to accumulate in subcellular compartments have proven usefutifarmonitor-
ing of inositol 1,4,5-triphosphate—sensitive?Cstores’’-"* Mag-fura-2 has also been
employed to follow C# transients in presynaptic nerve termirfal&;"“gastric epithelial
cells”and cultured myocyte®.Imaging of mag-fura-2 using a single excitation wave-
length (420 nm) is reported to improve the detection of high-leV&ltasients in
various cells, including Purkinje neurons and frog mu¥&eMag-indo-1 has been used
to detect gonadotropin-releasing hormone—induceéd @illations in gonadotropés
and to investigate the role of €K+ exchange in intracellular €zstorage and release
processe& Measurements of Gacurrents in presynaptic boutons and granule cell
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Figure 20.14 Fluorescence excitation spectra of BTC
(B-6790) in solutions containing 0-100 uM free Ca®*.
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Figure 20.15 Ca? transients evoked by trains of
1-4 action potentials in rat cerebellar granule cells
detected by fura-2 (upper panel; F-1200) and mag-
fura-2 (lower panel; M-1290). The stimulus pulses
are 50 milliseconds apart (20 Hz); timing is indi-

parallel fibers with our mag-fura-5 and Magnesium Green indicators were shown to beated by the double-headed arrows. The amplitude

superior to those made using fur&2°Mag-fura-2, mag-fura-5 and mag-indo-1 are
available as cell-impermeant potassium salts (M-1290, M-3103, M-1293) or as cell-
permeant AM esters (M-1291, M-1292, M-3105, M-1295) and are accompanied by a
detailed protocol.
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Data Table — 20.2 Fluorescent Ca?+ Indicators Excited with UV Light

Low Ca?* High Ca?*
Cat # MW Storage  Soluble Abs EC Em Solvent  Abs EC Em  Solvent Product Kg Notes
B-6790 84403 L pH >6 464 29,000 533 H,0 401 20,000 529  H,0/Ca* 70uM 1,23
B-6791 979.92 FDL DMSO 433 39,000 504 MeOH B-6790
B-6810 1007.14 DL pH >6 366 56,000 511 H,0 338 68,000 504  H,0/Ca* 370nM  1,2,4,5
F-1200 832.00 DL pH >6 363 28,000 512 H,0 335 34,000 505  H,0/Ca? 145n0M  1,2,4,5
F-1201 1001.86 FD,L DMSO 370 31,000 476 EtOAc F-1200
F-1221 1001.86 FD,L DMSO 370 31,000 476 EtOAc F-1200
F-1225 1001.86 FD,L DMSO 370 31,000 476 EtOAc F-1200 6
F-6799 75145 DL pH >6 363 28,000 512 H,0 335 34,000 505  H,0/Ca? 145n0M  1,2,4,5
F-14174 83596 DL pH >6 366 21,000 511 H,0 336 23,000 505  H,0/Ca* 770nM 1,2, 4
F-14175 1005.82 FD,L DMSO 370 29,000 475 EtOAc F-14174
F-14176 83596 DL pH >6 363 26,000 512 H,0 336 29,000 506  H,0/Ca* 400nM  1,2,4
F-14177  1005.82 FD,L DMSO 369 31,000 476 EtOAc F-14176
F-14178 83596 DL pH >6 364 25,000 512 H,0 336 28,000 505  H,0/Ca* 53uM  1,2,3
F-14179  1005.82 FD,L DMSO 369 30,000 477 EtOAc F-14178
F-14180 853.95 DL pH >6 364 25,000 510 H,0 335 28,000 506  H,0/Ca* 55uM  1,2,3
F-14181  1023.82 FD,L DMSO 370 30,000 476 EtOAc F-14180
F-14185 1001.86 FD,L DMSO 370 31,000 476 EtOAc F-1200 7
1-1202 840.06 DL pH >6 346 33,000 475 H,0 330 33,000 401  H,0/Ca? 230nM  1,2,4,5
1-1203 1009.93 FD,L DMSO 356 39,000 478 MeOH [-1202
1-1223 1009.93 FD.L DMSO 356 39,000 478 MeOH [-1202
1-1226 1009.93 FD,L DMSO 356 39,000 478 MeOH [-1202 6
1-23912 84403 DL pH >6 347 20,000 475 H,0 331 20,000 412 H,0/Ca? 470nM  1,2,4
I-23913  1013.89 FDL DMSO 355 39,000 480 MeOH 1-23912
M-1290 586.68 L pH >6 369 22,000 511 H20 329 26,000 508  H,0/Ca? 25uM  1,2,3
M-1291 72257 FDL DMSO 366 31,000 475 EtOAc M-1290
M-1292 72257 FDL DMSO 366 31,000 475 EtOAc M-1290
M-1293 59474 L pH >6 349 38,000 480 H,0 328 35,000 390  H,0/Ca* 3BuM 1,289
M-1295 730.63 FDL DMSO 354 37,000 472 MeOH M-1293
M-3103 600.70 L pH >6 369 23,000 505 H,0 330 25,000 500  H,0/Ca* 28uM  1,2,3
M-3105 736.60 FDL DMSO 365 31,000 461 EtOAc M-3103
Q-1289 829.77 FD,L DMSO 348 4,000 446 MeOH 0-23918
0-23918 54151 DL pH >6 353 4,000 495 H,0 333 3,900 495  H,0/Ca? 60nM 1,2,10

For definitions of the contents of this data table, see “How to use This Book” on page viii.

Notes
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1. Dissociation constants are known to vary considerably depending on the temperature, pH, ionic strength, viscosity, protein binding, presence of other ions (especially polyvalent
ions), instrument setup and other factors. It is strongly recommended that these values be verified under user-specific experimental conditions.

o s W

. Spectra measured in aqueous buffers containing 10 mM EGTA (H,0) or a >10-fold excess of free Ca?* relative to the Kq (H,0/Ca?*).

. Dissociation constant determined at Molecular Probes by fluorescence measurements in 100 mM KCI, 10 mM MOPS, pH 7.2, 0-1 mM free Ca2+ at 22°C.

. Dissociation constant determined at Molecular Probes by fluorescence measurements in 100 mM KCI, 10 mM MOPS, pH 7.2, 0-39.8 uM free Ca?+ at 22°C.

. Kg(Ca2+) for fura-2 and indo-1 from the original reference by Grynkiewicz, Poenie and Tsien (J Biol Chem 260, 3440 (1985)) are 224 nM and 250 nM, respectively, measured in

1 mM EGTA, 100 mM KCI, 1 mM free Mg2+, 10 mM MOPS, pH 7.0 at 37°C. For bis-fura-2, K4(Ca2*) in presence of Mg2+ is 525 nM (determined at Molecular Probes in 100 mM

KCI, 10 mM MOPS, pH 7.2, 1 mM Mg?* at 22°C).

O W o N>

—_

230 (1989)).

. This product is supplied as a ready-made solution in the solvent indicated under Soluble.
. This product is specified to equal or exceed 98% analytical purity by HPLC.

. The emission spectrum of Ca2-bound M-1293 excited at 340 nm has approximately equal peak intensities at ~390 nm and ~480 nm (Biochemistry 30, 702 (1991)).

. Dissociation constant determined in 100 mM KCI, 40 mM HEPES, pH 7.0 at 22°C (Biochem Biophys Res Commun 177, 184 (1991)).

. Kq(Ca?+) for quin-2 was measured in 120 mM KCI, 20 mM NaCl, pH 7.05 at 37°C. Under the same conditions with addition of 1 mM Mg+, K4 = 115 nM (Methods Enzymol 172,

Chapter 20 — Indicators for Ca2*, Mg2*, Zn®* and Other Metal lons

www.probes.com



Product List — 20.2 Fluorescent Ca** Indicators Excited with UV Light

Cat # Product Name Unit Size
B-6810  his-fura-2, hexapotassium Salt *Cell IMPEIMEBANT™ ...........ooioiiiiiiieeieee ettt ettt sttt s st sses st s s s s s s s s s s 1mg
B-6791  BTC, AM *cell permeant™ *special packaging*
B-6790  BTC, tetrapotassium salt *Cell IMPEIMEBANT™ ..........cocooiiiiiiiiiiieeeeeee ettt ettt ettt bttt ettt ettt bbbt eb bt as et et es s sb et s et asesenasassnna
F-1201  fUr@-2, AIM *CeII PEIMEBANT™ .......oiiiieeeeee ettt e bbbt e bbbt s s st s b bttt s s sttt es st s bt s bt as b s s s s s
F-1221  fura-2, AM *cell permeant™ *special packaging*

F-1225  fura-2, AM *1 mM solution in dry DMSO™ *Cell PEIMEANT™ .........cocvoiiiiieieeeeeeee ettt ettt ettt ettt bbbt as bt asesenana 1mL
F-14185  fura-2, AM *FluoroPure™ grade™ *Special PACKAGING™ ........coovvieiiiiiiieiiieiieee ettt bbb bbbttt as e s s s s 20 x50 ug
F-6774  Fura-2 Calcium Imaging Calibration Kit *zero to 10 mM CaEGTA, 50 uM fura-2 (11 X 1 ML) oo 1 kit

F-1200  fura-2, pentapotassium salt *cell impermeant™ ...........ccccocveeivieeieccc e
F-6799  fura-2, pentasodium salt *cell impermeant* .....
F-14175  fura-4F, AM *cell permeant™ *special packaging
F-14174  fura-4F, pentapotassium salt *cell impermeant™ ......
F-14177  fura-5F, AM *cell permeant™ *special packaging*
F-14176  fura-5F, pentapotassium Salt *Cell IMPEIMEBANT™ ...ttt e et en s
F-14179 fura-6F, AM *cell permeant™ *special packaging*

F-14178  fura-6F, pentapotassium Salt *Cell IMPEIMEBANT™ ............coioiiiieeee ettt b et s ettt s s s as s ss s s snna
F-14181 fura-FF, AM *cell permeant™ *special packaging*
F-14180 fura-FF, pentapotassium salt *cell impermeant™ ...
1-1203 indo-1, AM *cell permeant™ .............ccceeevvvvvevenene.
[-1223 indo-1, AM *cell permeant* *special packaging*
[-1226 indo-1, AM *1 mM solution in dry DMSO* *Cell PEIMEBANT .........ocoiiiiiieeeeeee ettt ettt ettt bbb bbb s et s s s s s ananas
[-1202 indo-1, pentapotassium Salt *Cell IMPEIMEBANT™ ...ttt sttt bttt bbb ettt s st s s s s s s s s s

[-23913  indo-5F, AM *cell permeant™ *SPeCial PACKAGING™ .......curviururireeeeieire ettt sttt ee st es et b ettt esea e naeeas 10 x 50 ug
[-23912  indo-5F, pentapotassium Salt *Cell IMPEIMEBANT™ .......c.oi it b ettt e et e s s s et e et bese s ebesess s etenseneresens 500 ug
M-1291  mag-fura-2, AM *cell permeant™ 1mg
M-1292  mag-fura-2, AM *cell permeant™ *SPECIAl PACKAGING ™ .......cvivirruririeieeeceiere ettt es ettt s et ee e ea e eneneeen 20 x50 ug
M-1290  mag-fura-2, tetrapotassium Salt *Cell IMPEIMEBANT™ ..ottt s e bbbttt sese et ese e s ebenssnnan 1mg
M-3105  mag-fura-5, AM *cell permeant™ *SPeCial PACKAGING™ .......cccvvoiiiiiiieieeee ettt bttt bbbttt bbb s s s es s ss s s s s 20 x50 ug
M-3103  mag-fura-5, tetrapotassium Salt *Cell IMPEIMEBANT™ .........c.ov i s et ee et en 1mg
M-1295  mag-indo-1, AM *cell permeant™ *SPecial PACKAGING™ ........cooiiviueiiiicees ettt e bbbt b e et a s s st ese s s etennsnenn 20 x50 ug
M-1293  mag-indo-1, tetrapotassium salt *Cell IMPEIMEBANT™ ...........ocoiiiiiiiiiiee ettt s bttt st s et es s sn s s s s 1mg
Q-1289  quin-2, AM *cell permeant™ *SPECIAl PACKAGING™ .....veururieeeeiri ettt e ettt s et e st e e 10x1 mg
Q-23918  qUIN-2, free aCid *Cell IMPEIMEBANT™ .......cuoiieeeeeiecte ettt s et s bR ettt s 5mg

20.3 Fluorescent Ca** Indicators Excited with Visible Light

Visible light-excitable Cd indicators offer several advantages Flyg-3, Fluo-4, Rhod-2 and Related Derivatives
over UV light—excitable indicators:

Fluo-3
 Efficient excitation with most laser-based instrumentation, in- The C& indicator fluo-3 (Figure 20.16) was developed by
cluding confocal laser-scanning microscopes and flow cytometerEsien and colleagues for use with visible-light excitation sodrces
« Reduced interference from sample autofluorescence in flow cytometry and confocal laser-scanning microsédpyg-
* Less cellular photodamage and light scatter ure 20.17). More recently, fluo-3 imaging has been extended to

« Stronger absorption by the dyes, which may permit the use ofinclude two-photon excitation techniques (Figure 20°#&)uo-3
lower dye concentrations and therefore lower phototoxicity to imaging has revealed the spatial dynamics of many elementary
live cells processes in Casignaling?~** (Figure 20.17, Figure 20.19). Since

» Compatibility with photoactivatable (“caged”) probes and about 1996, fluo-3 has also been extensively used in cell-based
other UV light—absorbing reagents, increasing options for  high-throughput screening assays for drug disco\é?¥luo-3 is

multiparameter measurements essentially nonfluorescent unless bound t& @ad exhibits a
« Large C&*-dependent fluorescence intensity increases, result-quantum yield at saturating €af ~0.14 (Figure 20.20). The
ing in sensitive detection of €dransients intact acetoxymethyl (AM) ester derivative of fluo-3 is also non-

fluorescent, unlike the AM esters of fura-2 and indo-1. The
In many cases, large increases in fluorescence intensity upongreen-fluorescent emission (~525 nm) of@aound fluo-3 is
mobilization of C&, resulting in easy detection of Caransients.  conventionally detected using optical filter sets (Table 24.8)
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